
  

 

ONITORING electrophysiological activities of the heart or the brain requires a minimally invasive recording system.  The 

fact that cardiac arrhythmia is the leading cause of death and disability, urges researchers to develop an 

electrophysiological interface optimized for the diagnosis of such conditions.  Localization of the myocardial foci that initiates 

the abnormal rhythms has been attempted diagnostic electrodes that monitor the propagation of the cardiac potentials from the 

inner and/or outer surfaces of the cardiac muscles [1, 2].  Although studies based on these two methods indicate the complex 

activities within the cardiac muscles, there is presently no methodology to place an electrode inside of the cardiac tissues [3].  

Here, we have approached this problem by utilizing our intravascular nano-wire neural interface.  These are extremely flexible 

nano-wires originally design to be carried via blood vessel down to a capillary into the vicinity of neurons within the central 

nervous system to record neuronal activities [4].  This method aimed at implementing a brain machine interface that allows a 

large number of electrodes to be placed in the vicinity of neurons and to avoid any organ damage.  The intravascular neural 

interface can be an innovative method to place electrodes within the cardiac muscle via the coronary arteries, whereas the 

neural interfaces implanted within the brain tissues are needle electrode arrays that are fatal when applied to the heart.   

 In this report, we describe a fabrication process, using lithography, to manufacture a micro-string electrode array.  The 

electrodes comprised 10 strings of length varying from 2.5 to 7 cm that allow recording of cardiac potentials from multiple 

locations.  The cross section of the each string is set such that they are sufficiently flexible to be mobile in the blood flow of the 

coronary artery [4, 5].  Polyimide and gold were used as insulative and conductive materials respectively.  The cross section of 

each string was 20 × 5 m polyimide insulating 200 × 50 nm rectangular gold.  From the Young's moduli of polyimide and gold, 

the bending stiffness was estimated to be sufficiently small.  Flowability of the string electrodes were confirmed experimentally 

within saline solution flow via a polyethylene tube, at coronary artery speed.  Third, water-soluble encapsulation using 

polyvinyl alcohol (PVA) was employed to manipulate and protect the extremely thin and high-aspect-ratio string electrodes 

during the assembly of the electrodes into a coronary-catheter-insertion system.  After the placement of the PVA encapsulated 

electrodes within a coronary artery, the dissolution of the PVA allowed the deployment of the thin string electrodes into finer 

arteries within the myocardium.  Finally, a system to insert the PVA encapsulated micro-string electrodes via the 

coronary-catheter for human patients has been designed and demonstrated experimentally in polyethylene tubes with 

saline-solution flow at body temperature.  The designed functions are 1) smooth insertion of the electrodes via a coronary 

catheter to a simulated human heart, 2) necessary and sufficient time for the PVA encapsulation to protect the electrodes until 

deployment, 3) clean deployment of the electrodes to flow in the coronary artery, and 4) cleaning the electrode interface from 

the PVA encapsulation to record the electrical field in the solution.  It took approximately 5 minutes to deploy micro-string 

electrodes from the PVA encapsulation and to let them flow within the saline solution stream was 5 minutes.  Within the 

following 10 minutes, the impedance of the electrodes decreased sufficiently to record electrical signals within the saline 

solution, indicating that the PVA on the electrode interface was removed.  The final step illustrated measurements of 

intracardiac potential was demonstrated in vivo using Xenopus laevis. 
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